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 Acanthamoeba samples from Vitória,
Brazil genotyped as T4 and T11
tolerated 37 C.
 One keratitis isolate cultivated in
NNA with E. coli survived at 42 C.
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one from environment, tolerated
1.0 M.
 Isolates under axenic condition did
not grow at 0.5 M and 1.0 M.
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Amoebae of the genus Acanthamoeba are free-living protozoa that can cause granulomatous encephalitis
and keratitis in humans. In this study, four clinical and three household dust isolates obtained in Vitória,
Espírito Santo, Brazil were characterized by their morphological, genotypic, and physiological properties.
All isolates belonged to group II according to Pussard and Pons’ cyst morphology. Analysis of their 18S
rDNA sequence identiﬁed one isolate from household dust as genotype T11 and the others six samples
as genotype T4. Five T4 isolates presented a highly variable region (DF3) in 18S rDNA identical to those
previously described. Physiological assays carried out with trophozoites in co-culture with bacteria or in
axenic conditions showed all samples tolerated temperatures up to 37 C, regardless of culture method.
One keratitis isolate grew at 42 C in co-culture with bacteria. Most isolates in co-culture survived at
1.0 M, except a T11 isolate, which tolerated up to 0.5 M. The isolates did not grow at 42 C and did not
tolerate 0.5 M and 1.0 M under axenic condition. This is the ﬁrst report of 18S rRNA gene genotyping
applied to Acanthamoeba isolated from keratitis patients in Brazil. The results also indicated that
osmo-tolerance is dependent on the culture system.
 2013 Elsevier Inc. All rights reserved.1. Introduction
Among opportunistic free-living amoebae (FLA), species of the
genera Acanthamoeba are the most frequently found, both in natu-
ral and artiﬁcial niches (Marciano-Cabral and Cabral, 2003). Theyare the causative agents of granulomatous amoebic encephalitis
(GAE) and Acanthamoeba keratitis (AK), which together comprise
the largest number of reported FLA-related infections (Schuster
and Visvesvara, 2004).
Granulomatous amoebic encephalitis is an infection of the
central nervous system with about 200 cases estimated worldwide
(Schuster and Visvesvara, 2004). Despite its relatively rare
occurrence, GAE is of concern, as it affects predominantly
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(Schuster and Visvesvara, 2004).
AK is a painful and progressive infection of the cornea occurring
in individuals with normal immunological status. The increasing
incidence of AK in recent decades is attributed to the populariza-
tion of contact lenses. Contact lens wearers comprise about 85%
of AK patients (Radford et al., 2002; Stapleton et al., 2009). Physical
agents other than contact lenses, such as mud, can also cause cor-
neal injury and carry amoebae to the cornea (Bharathi et al., 2007).
About 20 species of Acanthamoeba are described based on cyst
morphology (Pussard and Pons, 1977; Page, 1988), but speciﬁc
identiﬁcation is hindered by intraspeciﬁc polymorphism and
changes resulting from culture conditions (Stratford and Grifﬁths,
1978). Thus, a more simpliﬁed system of morphological classiﬁca-
tion has been adopted that categorizes the isolates into groups I, II,
and III, according to cyst size and the shape of the inner (endocyst)
and outer wall (ectocyst) (Pussard and Pons, 1977).
Although morphology is still used in the identiﬁcation of iso-
lates, molecular studies focusing on the sequences of small-subunit
nuclear 18S rRNA genes are currently the main tool for taxonomic
characterization of Acanthamoeba. The existence of 12 genotypes
was reported by Stothard et al. (1998), increased by the description
of sequence types T13, T14, and T15 (Horn et al., 1999; Gast, 2001;
Hewett et al., 2003) and, recently, T16 and T17 (Corsaro and
Venditti, 2010; Nuprasert et al., 2010).
The genotype T4 is the most frequently involved in cases of AK
and GAE (Stothard et al., 1998; Walochnik et al., 2000; Booton
et al., 2005), but genotyping alonedoes not provide sufﬁcient indica-
tion of the pathogenicity of an isolate. For this reason, the character-
ization of Acanthamoeba is usually augmented by the assessment of
physiological properties. Somecharacteristics that canbe associated
withpathogenicpotential are tolerance to temperaturesof 37 Cand
above, tolerance to conditions of high osmolarity, cytopathic effects
on cultured cells, and protease activity (Grifﬁn, 1972; Cursons and
Brown, 1978; Khan et al., 2000, 2001). Thermo-tolerance and
osmo-tolerance tests are relatively easy to perform and frequently
used to differentiate pathogenic from non-pathogenic isolates
(Khan and Tareen, 2003; Kilvington et al., 2004; Lorenzo-Morales
et al., 2005; Caumo et al., 2009; Costa et al., 2010; Liang et al., 2010).
The aim of this study was to characterize Acanthamoeba isolates
obtained from keratitis patients and household dust in Vitória,
Espírito Santo, Brazil by morphological, genotypic, and physiologi-
cal criteria.2. Materials and methods
2.1. Acanthamoeba samples
Four clinical samples used in the study were obtained from cor-
neal scrapings of patients referred to Cassiano Antônio de Morais
Hospital, Vitória, Espírito Santo, Brazil with a diagnosis of AK (Cin-
thia Furst, pers. comm.). Cultures were established primarily in
soy-agar solid medium (0.2% soy ﬂour infusion and 1.5% bacterio-Table 1
Origin of environmental and clinical isolates of Acanthamoeba from Espírito Santo State, B
Isolate Origin
AR11 Dust behind refrigerator in the residence of the patien
AR14 Dust on the nightstand in the residence of the patien
AR15 Dust on an internal window sill in the residence of th
AR Corneal scrape of patient with AK associated with con
ALX Corneal scrape of a patient with AK associated with c
LG Corneal scrape of patient with AK associated with con
WAL Corneal scrape of patient with AK associated with con
AP#2 ATCC 30461, Corneal scraping, Houston, TX, EUA
AP#4 ATCC 30872, Fresh water, Tuskegee, AL, EUAlogical agar) with Escherichia coli as previously described (Costa
et al., 2010). Three household dust samples included in this study
were obtained with a sterile swab applied to surfaces in the resi-
dence of one of the patients and seeded in soy-agar medium. For
physiological tests, co-cultures with E. coli were transferred to
non-nutrient agar (NNA) plates, prepared with 1.5% bacteriological
agar in Page’s saline (2.5 mM NaCl, 1 mM KH2PO4, 0.5 mM Na2-
HPO4, 40 mM CaCl2, and 20 mM MgSO4). Two references strains
of Acanthamoeba polyphaga, maintained in PYG medium (Prote-
ose-peptone, yeast extract, and glucose) (Alﬁeri et al., 2000), were
included in the physiological and molecular studies for compari-
son. All cultures were maintained at 28 C. The designation and ori-
gin of each isolate are shown in Table 1.
2.2. Morphological identiﬁcation, cloning, and axenization
Morphological identiﬁcation was based on shape and size of the
cysts and features of the endocyst and ectocyst according to the
criteria given by Pussard and Pons (1977). Cysts harvested from
co-cultures with E. coli at 120–168 h were measured with an ocular
micrometer by light microscopy. Fifty cysts were measured to
establish the average size.
Trophozoites in co-cultures were cloned using a dilution meth-
od as previously described (Costa et al., 2010). For axenization,
cysts were harvested from 120 to 168 h cloned cultures and
washed three times with Page’s saline. Cyst pellets were inoculated
in PYG medium (Alﬁeri et al., 2000) supplemented with 10% fetal
bovine serum (FBS) and 625 lg/ml Enroﬂoxacin (Baytril, Bayer
SA). Concentration of Enroﬂoxacin was decreased to 5 lg/ml in
subsequent subcultures when sterility tests showed elimination
of the bacteria.
2.3. Sequencing of 18S rDNA
Axenic cloned cultures were used for genotyping of Acantha-
moeba strains. For DNA isolation, 106 trophozoites harvested from
cultures in exponential phase were washed twice by centrifugation
(400g, 5 min) in Page’s saline and subjected to lysis, proteinase K
treatment, and DNA extraction using phenol-chloroform-isoamyl
alcohol, as previously described (Costa et al., 2010). DNA template
was used to amplify the ASA-S1 fragment from 18S rDNA gene
with the primers JDP1 (50GGCCCAGATCGTTTACCGTGAA) and
JDP2 (50TCTCACAAGCTGCTAGGGAGTCA) (Schroeder et al., 2001).
Ampliﬁcation was conﬁrmed by 1% ethidium bromide staining in
1.6% agarose gel electrophoresis. The PCR product was puriﬁed
using PureLink™ PCR Puriﬁcation Kit (Invitrogen) according to
the manufacturer’s instructions. Two-directional sequencing (re-
verse and forward) was performed using approximately 30 ng of
the PCR puriﬁed product, primers JDP1 or JDP2 and Big Dye Termi-
nator technology (Applied Biosystems), on an ABI 377 automated
sequencer (Applied Biosystems).
Sequence data processing was done with the Staden Package se-
quence editor (Staden et al., 2001). Sequences were aligned with
the v.1.8 CLUSTAL-W program (Thompson et al., 1994), andrazil and ATCC reference strains.
Year
t from whom the isolate AR was obtained 2007
t from whom the isolate AR was obtained 2007
e patient from whom the isolate AR was obtained 2007
tact lens use, Brazil 2007
ontact lens use, resident 2006
tact lens use, Brazil 2008
tact lens use, Brazil 2007
1973
1965
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(Molecular Evolutionary Genetics Analysis) program (Kumar
et al., 2004). The following reference sequences used by Stothard
et al. (1998) and available in GenBank, were used for determina-
tion of the Rns genotypes: U07400–U07407, U07411–U07417,
AF019050–AF019057, AF019060–AF019070, U94730–U94740,
S81337, EU168082, and HM036176. Sequences for the new isolates
in this study are available in GenBank under accession numbers
JX441872–JX441878.
Additional analysis included the sequence designation of the
highly variable DF3 region in samples with the T4 genotype. Sub-
types T4/1–T4/10 were ﬁrst described by Booton et al. (2002),
and later subtypes T4/11–T4/21 were identiﬁed (Ledee et al.,
2009). More recently, Zhao et al. (2010) identiﬁed the subtypes
T4/22 and T4/28, and almost concurrently Abe and Kimata
(2010) used the designation T4/22 and T4/23 for sequence sub-
types distinct from the previous report. Considering this overlap,
thirty subtypes within the genotype T4 have been described, all
of which were compared with the T4 sequences found in the pres-
ent study.2.4. Thermo-tolerance and osmo-tolerance assays
Physiological behavior of the isolates under different tempera-
tures and osmolarity conditions were evaluated with the bacteria
co-cultures in non-nutrient agar and in the axenic system. Co-
cultures were assayed based on the procedures of Khan et al.
(2001), using an initial inoculum of 1000 trophozoites placed in a
central area of 10 mm in diameter in the NNA plates
(90  15 mm). Plates with 0.1 M, 0.5 M, and 1.0 M of manitol were
incubated at 28 C to evaluate osmo-tolerance. For thermo-
tolerance assays, plates without manitol were incubated at 28 C,
37 C, and 42 C. The area occupied by the trophozoites, starting
from the inoculum area, was recorded every 24 h until 120 h.
Tests with axenic cultures were performed in 55  15 mm
tubes containing 2.5 ml of PYG medium supplemented with 10%
FBS and an initial inocula of 1.0  105 trophozoites/ml. For osmo-
tolerance assays the medium was complemented with 0.1 M,
0.5 M, and 1.0 M of manitol. Tubes were incubated in an inclined
position at 28 C, 37 C, and 42 C for thermo-tolerance assays
and at 28 C for osmo-tolerance assays. From 72 h to 168 h of incu-Fig. 1. Light microscopy of Acanthamoeba cysts (A–G) and trophozoites (H) in co-culture w
of patients (D–G) from Vitória, Espírito Santo, Brazil. A: AR11, B: AR14, C: AR15, D andbation, 20 ll from homogenized cultures were removed daily to
quantify trophozoites in a Neubauer chamber.3. Results
Cysts of Acanthamoeba isolates presented globular or polyhedral
endocysts and wavy ectocysts (Fig. 1A–G) and varied in size from
11.1 lm to 15.7 lm (Table 1). These are typical characteristics of
morphological group II according to classiﬁcation of Pussard and
Pons (1977). Trophozoites presented typical contractile vacuoles
and ﬁliform pseudopodia (acanthopodia) (Fig. 1H).
Sequence analysis of the 18S rDNA gene showed all clinical and
two household dust isolates to have at least 97% sequence identity
with Acanthamoeba belonging to genotype T4 (Table 1). A single
environmental isolate (AR 15) was classiﬁed as T11. Reference
strain AP#4 was similar to a strain with genotype T2, with 96%
sequence identity. The variable region DF3 of ﬁve isolates with
genotype T4 was similar to sequence designation T4/2, T4/13,
and T4/16, and one isolate (WAL) showed a DF3 sequence distinct
from those previously described (Booton et al., 2002; Ledee et al.,
2009; Abe and Kimata, 2010; Zhao et al., 2010) (Fig. 2).
The response of the amoeba isolates to physiological tests is
shown in Table 2. All samples presented tolerance up to 37 C
regardless of culture conditions. The isolate ALX was the only that
survived at 42 C in co-culturewith E. coli, but it did not tolerate this
temperature under axenic condition. The reference strain AP#2 also
survived at 42 C, but it reached a lower density (2  105 trophozo-
ites/ml) than it was obtained at lower temperatures.
When cultivated at 0.1 M all cultures developed except AR 15,
which did not tolerate this osmolarity when axenically cultured.
All isolates tolerate 0.5 M in NNA co-culture system, but, under
axenic culture, only the reference strains AP#2 and AP#4 survived.
All Isolates in NNA co-culture, except AR15, tolerated 1.0 M, while
among the axenic cultures, only AP#2 survived at this osmolarity,
although it presented weak growth (Table 3).4. Discussion
Human infection by FLA, in particular Acanthamoeba keratitis,
has been a source of concern in recent decades because of the
increasing number of reported cases. For diagnostic and treatment
purposes, the identiﬁcation of the agent to genus is sufﬁcient. Forith bacteria in soy-agar, obtained from household dust (A–C) and corneal scrapings
H: AR, E: ALX, F: LG, G: WAL. Bars = 5 lm.
Fig. 2. Primary sequence alignment showing similarity of the variable region DF3 of clinical and environmental Acanthamoeba isolates from Espírito Santo, Brazil, reference
strain ATCC 30461 and sequences retrieved from GenBank. Dashes denote gaps and asterisks represent variable position.
Table 2
Morphological and genotypic characterization of Acanthamoeba from Vitoria, Espírito Santo, Brazil.
Isolate Source Cyst size (lm)a Groupb Rns genotype Similarity %/referencec
AR11 Dust 11.1 ± 1.08 II T4 99 U07407
AR14 Dust 12.3 ± 1.37 II T4 99 U07407
AR15 Dust 11.6 ± 0.82 II T11 98 AF019068
AR Keratitis 11.5 ± 0.96 II T4 98 U07413
ALX Keratitis 15.7 ± 1.64 II T4 99 U07401
LG Keratitis 12.3 ± 1.10 II T4 98 U07413
WAL Keratitis 11.7 ± 0.99 II T4 97 AF019060
AP#2 Keratitis 16.6 ± 2.2d IId T4 99 U07407
AP#4 Water 16.4 ± 1.5d IId T2 96 AF019051
a Average ± standard deviation.
b Pussard and Pons’ criteria (1977).
c Reference strains retrieved from GenBank.
d Information from Alves et al. (2000).
Table 3
Thermo-tolerance and osmo-tolerance of Acanthamoeba isolates in co-culture with Escherichia coli in non-nutrient agar (Co) and axenic culture in PYG medium (Ax).
Isolate Origin Thermo-tolerance Osmo-tolerance
28 C 37 C 42 C 0.1 M 0.5 M 1.0 M
Co Ax Co Ax Co Ax Co Ax Co Ax Co Ax
AR11 Dust ++ ++ ++ ++   ++ ++ ++  + 
AR14 Dust ++ ++ ++ ++   ++ ++ ++  + 
AR15 Dust ++ ++ ++ ++   ++  ++   
AR Keratitis ++ ++ ++ ++   ++ ++ ++  + 
ALX Keratitis ++ ++ ++ ++ ++  ++ ++ ++  + 
LG Keratitis ++ ++ ++ ++   ++ + ++  + 
WAL Keratitis ++ ++ ++ ++   ++ + ++  + 
AP#2 Keratitis NE ++ NE ++ NE + NE ++ NE ++ NE +
AP#4 Water NE ++ NE + NE  NE ++ NE + NE 
(++): Growth higher than 5 mm (non-nutrient agar) or maximum density higher than 2  105 trophozoites/ml (axenic culture).
(+): Growth to 5 mm (non-nutrient agar) or maximum density of 2  105 trophozoites/ml (axenic culture).
(): Absence of growth.
NE: Not evaluated.
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characterize species to determine whether there are types more
likely to be parasitic and to establish their probable niches. In the
present study, isolates of Acanthamoeba obtained from keratitis pa-
tients and domestic dust were classiﬁed as belonging to group II
according to Pussard & Pons’ criteria. This morphological group is
recognized to harbor most of the clinical isolates and also seems to
be the most abundant in the environment (Walochnik et al., 2000).
Sequence analysis of the ASA-S1 fragment showed the predom-
inance of genotype T4, with a frequency of 100% in the keratitis
cases and 66% of the environmental isolates studied. Although
the Rns sequences of AP#2 (ATCC 30461) and AP#4 (ATCC
30782) have been deposited in GenBank, the sequence type was
not identiﬁed. Here they were identiﬁed as genotype T4 and T2,
conﬁrming previous observation that some strains classiﬁed in a
species can belong to different genotypes (Stothard et al., 1998).The genotype T11 identiﬁed in an isolate from domestic dust
(AR15) is a less frequent sequence type, which has been found both
in environmental sources and from keratitis patients (Stothard
et al., 1998; Lorenzo-Morales et al., 2011; Niyyati et al., 2009a,b).
Overall, our results are consistent with previous ﬁndings that indi-
cate that genotype T4 is by far the most prevalent in samples from
ocular infection (Stothard et al., 1998; Booton et al., 2002; Gatti
et al., 2010), strengthening the idea that this genotype represents
an evolutionary lineage associated with keratitis.
Besides determining genotype, variable region DF3 in Rns was
analyzed to determinate subtypes among the isolates with geno-
type T4. All T4 isolates studied here, except WAL, showed DF3 se-
quences previously identiﬁed in clinical samples, T4/2, T4/13 and
T4/16 (Booton et al., 2002; Ledee et al., 2009). The isolate WAL
was designated as DF3 T4/29, since the most recent sequence clas-
siﬁed was T4/28 (Zhao et al., 2010). The keratitis isolate ALX
J.L. Duarte et al. / Experimental Parasitology 135 (2013) 9–14 13presented the same DF3 sequence as a keratitis isolate from Hong
Kong (Booton et al., 2002), while the isolates LG and AR seem to be
closely related, since they presented the same DF3 sequence
(T4/13). A similar conclusion about relatedness can be drawn with
respect to environmental isolates AR11 and AR14, which presented
the same DF3 sequence T4/16. Furthermore, it might be inferred
that AR11 and AR14 can potentially cause ocular infections, since
the sequence T4/16 was also identiﬁed in the reference pathogenic
strain AP#2 and originally in a human keratitis isolate (Ledee et al.,
2009). However, a direct association between the DF3 sequence
and pathogenic potential remains to be investigated.
In Brazil, genotyping of Acanthamoeba using sequence analysis
of ribosomal DNA has been applied to studies involving environ-
mental isolates in which the genotypes T2, T2/T6, T3, T4, T5, T9,
and T17 were found (Magliano et al., 2009; Caumo and Rott,
2010; Winck et al., 2011; Alves et al., 2012; Magliano et al.,
2012). The present study was the ﬁrst to carry out Rns genotyping
of keratitis isolates in Brazil and additionally, identiﬁed the geno-
type T11 among Brazilian isolates of Acanthamoeba.
An additional characterization of the isolates involved the eval-
uation of thermo-tolerance and osmo-tolerance. Thermo-tolerance
to temperature of 37 C and above was early-on suggested to
indicate pathogenic potential in Acanthamoeba (Grifﬁn, 1972;
De Jonckheere, 1980). The evident growth at 37 C exhibited by
Brazilian keratitis isolates conﬁrmed association of tolerance to
this temperature with pathogenicity. Moreover, even the dust-
originated samples in the present study have potential for parasit-
ism, since they grew at 37 C.
The isolate ALX also survived at 42 C, but only when it was cul-
tivated in NNA plates. Previous studies have shown keratitis iso-
lates that tolerate 42 C to be rarer than those tolerant to 37 C,
but when it occurs, the high temperature tolerance is associated
with other physiological characteristics that indicate conspicuous
pathogenicity, such as a cytopathic effect and virulence in mouse
(Grifﬁn, 1972; Walochnik et al., 2000). Considering ALX did not
grow at 42 C in axenic condition, using these virulence tests could
help to determine whether isolate ALX is actually more pathogenic
than other keratitis isolates. Regarding the other keratitis isolates,
the failure to survive at temperatures higher than 37 C could be an
indication of inability to tolerate episodes of fever that could occur
in systemic infections. However, Acanthamoeba that grow at 37 C
could easily adapt to cornea, in which the temperature is about
34 C (Walochnik et al., 2000).
Another property that has been used to access pathogenic
potential of Acanthamoeba is osmo-tolerance, which is based on
the assumption that pathogenic isolates are able to survive in high
osmotic pressure (Khan et al., 2001). In the osmo-tolerance assays
performed with co-cultures in NNAmedium, only the environmen-
tal isolate AR15 did not developed at 1.0 M, suggesting this sample
has low pathogenic potential. It should be noted that this isolate
was the only with genotype T11, which is less common in keratitis
cases.
The osmo-tolerance assay was originally designed to be per-
formed in co-culture with bacteria in plates of agar, but in the pres-
ent study it was adapted to the axenic system by the addition of
manitol in PYG medium. The lack of correlation of the osmo-toler-
ance assay results obtained in co-culture with those of the axenic
system can be explained by the fact of axenic condition is itself a
stressful artiﬁcial condition that could impair the survival of amoe-
bae at higher osmolarity, particularly those that were recently axe-
nized. The reference strains AP#2 and AP#4, in contrast, have been
maintained in the axenic system since the 1960s and 1970s, which
could confer tolerance to higher osmolarity. Following this line of
reasoning, osmo-tolerance assay are more appropriately conducted
in co-culture plates, which seem to better simulate a natural hab-
itat including contact with microorganisms used for feeding.5. Conclusion
The present study allowed the identiﬁcation of genotype T4 and
T11 in clinical and environmental Acanthamoeba isolates obtained
in Vitória, Espírito Santo, Brazil. This is the ﬁrst genotyping analysis
of keratitis samples and the ﬁrst report of genotype T11 in Acantha-
moeba isolates in Brazil. The analysis indicated that osmo-toler-
ance is dependent on the culture system.Acknowledgments
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